Aim: This study was conducted to investigate the effects of the leaf extract of Citrullus lanatus on carbon tetrachloride (CCl 4 ) induced liver damage in rats. Methodology: Hepatoprotective study was conducted using five groups (A-E) of six male rats per group. Groups A and B served as the control groups and were respectively administered with distilled water and CCl 4 in olive oil while groups C, D and E were administered respectively with 500, 1,000 and 1,500mg/kg body weight of the ethanolic leaf extract of C. lanatus for 7 days. Animals were subsequently anaesthetized, blood samples were collected for alanine amino transferase (ALT), aspartate amino transferase (AST), alkaline phosphatase (ALP), total bilirubin, total protein and albumin assays; liver organ was isolated and processed for biochemical and histopathological studies. Results: There were significant increases (P=0.05) in the serum levels of ALT and AST both in the plasma and liver homogenate in the group treated with CCl 4 as compared to negative control group; while in the extract treated group, there was a decrease in the levels of the aminotransferases. Histopathological studies showed severe portal
INTRODUCTION
The liver plays a pivotal role in the metabolism of toxic substances that enter the body. Carbon tetrachloride (CCl 4 ) is one of these toxic substances; its toxicity begins with the change in endoplasmic reticulum, which results in the loss of metabolic enzymes located in the intracellular structures. CCl 4 is biotransformed by the cytochrome P 450 system to produce the toxic metabolite trichloromethyl free radicals, which in turn covalently binds to cell membranes and organelles to elicit lipid peroxidation [1] . Medicinal plants are plants which contain substances that could be used for therapeutic purposes or which are precursors for the synthesis of useful drugs [2] . For decades, the screening of medicinal plant materials for their therapeutic values has continued to represent potential sources of new effective medicines. Citrullus lanatus (Water melon) is a member of the cucurbit family (Cucurbitaceae). Water melon refers to both fruit and the plant of a vine-like (scrambler and trailer) plant that is widely cultivated for its edible fruits, which are also an important source of water in arid regions of Africa. It is an annual climbing or trailing herb, with hairy stem up to 10m long, the leaf blades are up to about 20x20cm, more or less hairy, usually deeply 3-5 lobed, the central lobe being the largest. The lobes themselves are further divided. Leaf stalks (petioles) are up to about 19cm long, more or less hairy [3] . This flowering plant produces a special type of fruit known as a pepo, a berry which has a thick rind (exocarp) and fleshy center (mesocarp and endocarp); pepos are derived from an inferior ovary, and are characteristic of the Cucurbitaceae. The watermelon fruit, loosely considered a type of melon (although not in the genus Cucumis), has a smooth exterior rind (green, yellow and sometimes white) and a juicy, sweet usually red, but sometimes orange, yellow or pink interior flesh [4] . It is also commonly used to make a variety of salads, most notably fruit salad [5] . The ripe fruits are edible and largely used for making confectionary. Its nutritive values are also useful to the human health. Fruit is used in cooling, strengthening, aphrodisiac, astringent to the bowels, indigestible, expectorant, diuretic, and stomachic, purifies the blood, allays thirst, cures biliousness, good for sore eyes, scabies and itches and as brain tonic to the brain [6] . The following phytochemicals: saponins, phenols, anthraquinones, terpenoids, alkaloids, cardiac glycosides, tannins have been reported in the seeds and whole fruits of C. lanatus [7] . Citrullin and lycopene are the most commonly isolated phytochemicals and they have been implicated in the management of cardio vascular diseases and cancer [8] . It is noteworthy to mention that most literature reviews revealed reports on the seed extract of C. lanatus but the leaf has not been generally given consideration. Moreover, the search for potent natural therapy against the various degrees of liver pathology led to this study and hence the present study was conducted to explore the protective effect of the leave extract of C. lanatus against CCl 4 liver induced damage in albino rats.
MATERIALS AND METHODS

Plant Material
The leaves of Citrullus lanatus were obtained from a farmland at Owode, Ogun State on 16 th December, 2010 and the plant was authenticated at the Department of Pharmacognosy, University of Lagos, Lagos, Nigeria.
Preparation of Extracts
The procedure described by Adebayo et al. [9] was adopted. The leaves of C. lanatus were picked and dried under room temperature for about three days and then smoothly ground using a dry blender and thus prepared for extraction. The powdered leaves of Citrullus lanatus (588g) were soaked in 7L of 70% ethanol for four days, after which the extract was filtered with filter paper and a cotton wool. It was further concentrated at 50ºC using a rotary evaporator, RE300 and further concentrated using water bath at 48ºC.
Experimental Animals
Thirty male albino rats with an average weight of 150g which were used for this study were obtained from the Animal House of the Department of Biochemistry, University of Agriculture, Abeokuta, Nigeria. The animals were kept at a maintained temperature and fed with standard feed (grower's mash). The experimental animals were handled and used in accordance with the international guide for the care and use of laboratory animals of the National Institute of Health [10] . They were kept in standard laboratory conditions under natural light-dark cycle. The rats also had access to clean drinking water and variable factors such as light, temperature and humidity were maintained.
Experimental Design
Thirty (30) male albino wistar rats were used for the study. The method as described by Adebayo et al. [9] was adopted. The rats were divided into five groups, each group consisting of six animals. The first two groups (A and B) served as negative and positive controls respectively while groups C, D, and E served as the treatment groups. Group A served as normal group and was given only vehicle (distilled water, 1ml/kg body weight) for seven (7) days. Group B, positive control and was served with vehicle for the first four days and vehicle + CCl 4 (50% solution of CCl 4 in olive oil, 2ml/kg body weight) on the 5 th , 6 th , and 7 th day. Groups C, D, and E were served with 500, 1,000, and 1,500mg/kg body weight of distilled water and ethanolic leaf extract for the first four days and distilled water+ethanolic extract+CCl 4 on the last three days . They were all administered according to their body weight and after seven days, the rats were subjected to overnight fasting and they were anaesthetized in diethylether and subsequently sacrificed the following day.
Blood Collection and Preparation of Sample
At the end of the experimental period, venous blood was collected from the experimental animals by cardiac puncture using syringe for the determination of serum enzyme levels and and other biochemical analyses. The serum was prepared by centrifuging the heparinized blood samples at 3000rpm for 15min [11] and collected by pippeting. The animals were also quickly dissected and the liver removed. The liver was suspended in ice-cold solution and homogenized. The homogenates were kept frozen overnight to ensure maximum release of the enzymes [12] .
Analysis of Biochemical Parameters
Commercial test kits obtained from Randox Laboratories, United Kingdom were used for all biochemical parameters measured. Standard methods were used to estimate aspartate amino transferase (AST), alanine aminotransferase (ALT) [13] , alkaline phosphatase (ALP) [14] , total protein [15] , albumin [16] and total bilirubin [17] .
Histopathological Analysis
Small pieces of liver fixed in 10% buffered neutral formalin were processed for embedding in paraffin [18] . Sections of 5-6µm thickness were stained with hematoxylin and eosin, examined for histopathological changes under a compound microscope.
Statistical Analysis
The difference among experimental and control groups were determined using SPSS for Windows XP software programme (version 13.0). Group comparison was done using the analysis of variance (ANOVA) test. Significant difference between control and experimental were assessed by least significant difference (LSD). All data were expressed as mean±SEM; P-values less than 0.05 were considered to be significant.
RESULTS
There was no significant difference (P >0.05) in the weight of the organs of rats between the groups treated with the extract of C. lanatus groups when compared with control groups (Table 1) . Tables 2 and 3) . This is an indication of liver damage caused by CCl 4 . AST and ALT levels in the CCl 4 treated group from the serum were elevated by 347 and 24.7% respectively ( Table 2) . Similarly, the activities of AST and ALT were also increased in the homogenates by 16.5 and 24.1% respectively ( Table 3) . The result as reported in (Table 2) indicated that the animals treated with the extract after CCl 4 induction showed a significant (P=0.05) decrease in the activity of AST (representing 215, 189 and 177% for groups C, D and E respectively). While ALT level was reduced by 3.5 and 11% in groups C and D respectively. Total protein and albumin levels were significantly (P=0.05) different from CCl 4 control group when compared with the negative control group, these effects were however reversed upon treatment with the extract of C. lanatus. Similarly, in (Table 3) , the elevated AST level in the CCl 4 treated group was reversed upon treatment with the extract across the groups (13.4, 44.4, and 142.7% respectively). Moreover, ALT activity which was previously increased in the CCl 4 treated group was also reversed by the extract across the groups (5.5, 26.9, 4.2% respectively) ( Table 3 ). Histological examination of the liver in the CCl 4 treated group showed severe portal congestion, severe vascular degeneration and necrosis of hepatocytes. Treatment with the extract of C. lanatus showed mild to moderate portal and central venous congestion which indicates protection from hepatotoxicant (Fig. 1 ).
DISCUSSION
Medicinal plants are significant sources of hepatoprotective drugs whose efficacy depends largely on their ability to either reduce harmful effects or maintain normal hepatic physiological mechanism, which may have been altered by a hepatotoxin [19] . Carbon tetrachloride (CCl 4 ) is a halogenated alkane classified as a potential human carcinogen that increases the frequency of liver tumors in experimental animals [20] . The primary effects in humans are on the liver, kidney and central nervous systems. It has been proved to be one of the most powerful hepatotoxins capable of forming trichloromethyl and trichloromethylperoxyl radicals [21] . Intoxification by CCl 4 and its metabolites (CCl 3 radicals) resulted in significant hepatic damage. For instance, CCl 4 is activated by a metabolic enzyme (cytochrome P 450 dependent mixed oxidase) in the endoplasmic reticulum to form trichloromethyl radicals, which induce peroxidation of unsaturated fatty acids of cell membranes leading to membrane damage and leakage of sensitive markers of hepatocellular injury such as serum AST and ALT [22] . The results of biochemical parameters revealed an elevation of enzyme levels in CCl 4 -treated group, indicating that CCl 4 induces damage to the liver. In particular, increased ALT levels are indicative of liver damage [9] . ALT is a cytoplasmic enzyme present and specific to the liver and is emptied into the blood stream once cellular membrane is damaged [23] , hence it is considered as a specific indicator of liver status [24, 25] . Our result showed significant increase in ALT and AST levels in the CCl 4 -treated group both in the serum and liver homogenate. The elevated levels of these liver marker enzymes are indications of cell membrane damage in the hepatocytes leading to loss of functional integrity of the liver [26] [27] [28] . The results of the enzyme levels obtained in this study (Table 2 ) is in agreement with work of Abdel-Hamid [29] and Venukumar et al. [30] who reported the elevation in the levels of hepatic enzymes in rats administered with CCl 4 . Alkaline phosphatase (ALP) is the most widely used test to detect blockage in the biliary system. It is found in the bile and liver and leaks into the blood stream in a similar manner to that of ALT and AST [31] . CCl 4 -treated group showed elevated ALP activity which was also significantly lowered by the extract. A high level of ALP indicates intra-hepatic cholestasis and obstructive jaundice [9] . There was an appreciable reduction of plasma bilirubin in rats treated with higher doses of the extract; this implies the absence of jaundice and the efficacy of the extract to activate a normal functional liver status. This corroborates with the findings of Adebayo et al. [32] where the ethanol extract of C. albidum was not only found to significantly reduce the elevated level of plasma bilirubin in CCl 4 liver induced rats, but the activities of the AST and ALT hepatic enzymes indicating hepatoprotection against the toxicant.
The biochemical study from our findings is in tandem with the work carried out to examine the protective effects of caffeic acids and quercetin on chemical induced hepatotoxicity in rodents, where similar dose of caffeic acids and quercetin was found to reverse serum rise of ALT and AST enzyme activities in CCl 4 induced hepatic damage [33] . Similarly, the hepatoprotective activity of the extract of A. indicum on experimental CCl 4 induced liver damaged rats was studied. Administration of CCl 4 significantly elevated the serum levels of ALT, AST, ALP and bilirubin. However, pretreatment with A. indicum aqueous extract showed a dose-dependent protection against the injurious effects of CCl 4 that may result from the interference with cytochrome P 450 [34] . The observed significant increase in total protein in serum of rats treated with low dose may have been due to proteins mass increase as a result of CCl 4 induction or possible increased in intracellular enzymes and elevated globulin due to enhanced antibody secretion in response to the toxicant but this was sharply brought to normalcy as the doses were increased. The significant decrease in albumin as compared to the CCl 4 group may be due to the binding of the endogenous albumin with bilirubin, it could also be due to possible protein degeneration. Albumin is produced entirely in the liver and is of great importance in regulating the flow of water between the plasma and tissue fluid by its effect on colloid osmotic pressure. A drop in serum albumin level is usually the result of reduced protein synthesis by the liver or induced protein loss through the gut or the kidney. Other possible causes of decrease in albumin level may include mal-absorption and increased protein need secondary to infection [35, 36] ( Halsted and Halsted, 1981; Cheesbrough, 1998) . Histological examinations also validated the biochemical investigations; there was moderate portal and central venous congestion in the treated groups especially in the groups treated with the highest dose of the extract when compared with the CCl 4 treated groups which showed a severe vacuolar degeneration and necrosis of hepatocytes. Certain phytochemicals like flavonoids, triterpenoids and steroids have been reported to have protective effect on the liver as a result of their antioxidant properties [37] . Some novel flavonoid glycosides from the leaf extract of C. lanatus have been isolated in our laboratory, although it is yet to be published. The hepatoprotective property of this plant may be due to the presence of flavonoid in their individual state or as a result of the combined effects of these phytochemicals. The exact phytochemical responsible for the hepatoprotective property needs further investigation.
CONCLUSION
In conclusion therefore, the leave extract of C. lanatus has been established to reverse the toxic effect of CCl 4 in the liver of albino Wistar rats and could consequently serve as potential therapy for the management of some liver disorders.
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